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AMENDMENTS TO THE CLAIMS: 

The following listing of claims will replace all prior versions and listings of claims 
in the application. Please cancel claims 3, 6, 7, 10, 11,13-15, 17-19, and 21-25, 
without prejudice or disclaimer; and amend claims 1, 2, 4, 5, 8, 9. 12, 16, and 20, as 
follows: 

1. (Currently Amended) Ameasurementsystemfordetermining thetiltof a 
reflective object mounted to a support, the system comprising: 

first, second, third and fourth sensors, each capable of generating data indicative 
of a distance between the first, second, third or fourth sensor, respectively, and a 
reflective surface of the reflective object; and 

a controller for receiving inputs from the first, second, third and fourth sensors 
and determining a tilt of the reflective surface with respect to a z axis; 

wherein: 

the support has a generally planar surface that is generally perpendicular to the z 
axis but which may tilt with respect thereto, 

the reflective object is mounted to the support so that the reflective surface is in a 
plane substantially parallel with the z axis and longitudinally extends substantially 
parallel to an axis normal to the z axis; 

the first and second sensors are aligned substantially parallel to the axis normal 
to the z axis along which the reflective surface extends longitudinally and are separated 
by a distance a; 
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the third and fourth sensors are aligned substantially parallel to the axis normal to 
the z axis along which the reflective surface extends longitudinally and are separated by 
the distance a; 

the first and third sensors are aligned substantially parallel to the z axis and are 
separated by a distance b; 

the second and fourth sensors are aligned substantially parallel to the z axis and 
are separated by the distance b; and 

the controller determines a tilt of the reflective surface at a location ka along the 
longitudinally extending direction of the reflective surface according to the following 
formula: 

A{ka) = 0((k+1)a)-O(ka) 

where: 

A(ka) is a measure of a displacement of the reflective surface out of the 
plane substantially parallel with the z axis, at location ka; 

ct)(ka) is a measure of tilt of the reflective surface measured by the second 
and fourth sensors; [[and]] 

0((k+1)a) is a measure of tilt of the reflective surface measured by the first 
and third sensors; 

6(x) is a measure of tilt of the support: 

s(x) is a measure of displacement, out of the plane substantially parallel 
with the z axis, of the reflective surface when z = 0: 

t(x) is a measure of displacement, out of the plane substantially parallel 
with the z axis, of the reflective surface when z - -b; 
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5(x) is a measure of displacement of the support along the x axis normal 

to the z axis: 

a measurement value for the second sensor when the reflective surface is 
at a position v = ka is determined by L2(ka) = s(ka) + 5(ka) - (b/2)6(ka); 

a measurement value for the fourth sensor when the reflective surface is 
at a position v = ka is determined by L4(ka) = t(ka) + 6(ka) + (b/2)6(ka): 

a measurement value for the first sensor when the reflective surface is at 
a position y = ka is determined by L1(ka) = s(ka+a) + 6(ka) - (b/2)9(ka): 

a measurement value for the third sensor when the reflective surface is at 
a position y = ka is determined by L3(ka) = t(ka+a) + 5(ka) + (b/2)9(ka): 

A(ka) = J2(kaVJ1(ka) = 0((k+1)a)-O(ka). where JKka) ^ (L4(ka)-L2(ka)Vb 
=(tfkaVs(ka)Vb+e(ka) = 0(ka)+9(ka). and J2(ka) = (L3 (ka)-L1(ka)Vb = (t((k+1)aV 
s((k+1)a))/b+9(ka) = ct)((k+1)a)+9(ka): 

the reflective surface can be moved to a position v = ka + a along the v 
axis normal to the z axis along which the reflective surface extends longitudinally; 

a measurement value for the second sensor when the reflective surface is 
at a position v = ka + a is determined by L2(ka+a) = s(ka+a) + 5(ka+a) - (b/2)9(ka+a): 

a measurement value for the fourth sensor when the reflective surface is 
at a position v = ka + a is determined by L4(ka+a) = t(ka+a) + 5(ka+a) + (b/2)9(ka+a): 

a measurement value for the first sensor when the reflective surface is at 
a position v = ka + a is determined by L1(ka+a) = s(ka+a+a) + 5(ka+a) - (b/2)9(ka+a); 

a measurement value for the third sensor when the reflective surface is at 
a position y = ka + a is determined by L3(ka+a) = t(kata+a) + 5(ka+a) + (b/2)9(ka+a): 
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A((k+1)a) = J2((k+1)a)-J1((k+1)a) = 0((k+2)a)-ct>((k+1)a). where 
Jiak+1)a) = (L4((k+1)a)-L2f(k+1)aWb = (t((k+1)a)-s((k+1)a))/b+e((k+1)a) = 
0((k+1)aHe((k+1)a). and J2((k+1)a) = (L3((k+1)a)-L1(fk+1)a)Vb = 
(t((k+2)a)-s((k+2)a))/b+9((k+1)a) = 0((k+2)a)+9((k+1)a): 

the reflective surface can be incrementally moved to additional positions in 
multiples of a along the axis normal to the z axis along which the reflective surface 
extends longitudinally and additional measurement values for the sensors can be 
determined to arrive at a set of measurement values (A((k-1 )a) = <P(ka) - ct)((k- 1 )a): 
A((k2)a) = (D((k-1)a) ■ ct>((k-2)a); ... ; A(0) = 0(a) - 0(0)): and 

the controller determines a summation of the set of measurement values 



as 



^A(mij)= <^{ka) - 0(0) and a tilt of the reflective surface at a location ka along 



m~0 



the longitudinally extending direction of the reflective surface as 



k-\ 



m=0 



the system further comprising at least one motor operatively mounted to said ^ 
support to move said support, said reflective surface and said reflective object in the 
directions along which said reflective surface longitudinally extends, wherein said motor 
incrementally moves said reflective surface to measure displacement of said reflective 
surface out of said plane substantially parallel with the z axis at each incremental 
location. 
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2. (Currently Amended) The measurement system of claim 1 , wherein the third 
and fourth sensors are aligned substantially parallel to the axis normal to the z axis 
along which the reflective surface extends longitudinally and are separated by a 
distance c. 



3. (Canceled). 



4, (Currently Amended) The measurement system of claim 1 , wherein the first, 
second^ third and fourth sensors comprise first, second, third and fourth laser beams. 



5. (Currently Amended) The measurement system of claim 4, wherein the firsts 
second, third and fourth laser beams are incorporated into an interferometer system. 



6. (Canceled). 



7. (Canceled). 
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8. (Currently Amended) The measurement system of claim [[6]] 2, wherein said 
first, second^ third and fourth sensors comprise first, second, third and fourth laser 
beams; and wherein said fifth, sixth, seventh and eighth sensors comprise fifth, sixth, 
seventh and eighth laser beams. 
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9. (Currently Amended) The measurement system of claim 8, wherein said firsts 
second, third and fourth laser beams are incorporated into a first interferometer system, 
and wherein said fifth, sixth, seventh and eighth laser beams are incorporated into a 
second interferometer system. 



10. (Canceled). 



11. (Canceled). 
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12. (Currently Amended) A interferometric measurement system for determining 
the tilt of a reflective object mounted to a support, said system comprising: 

an interferometer system having first, second, third and fourth laser beam 
generators, each capable of generating a laser beam to measure a distance between 
said first, second, third or fourth generator, respectively, and a reflective surface 
mounted to a support; and 

a controller for receiving inputs from said interferometer system and determining 
a tilt of said reflective surface with respect to a z axis, wherein the support has a 
generally planar surface that is generally perpendicular to the z axis but which may tilt 
with respect thereto, and wherein the reflective surface is in a plane substantially 
parallel with the z axis and longitudinally extends substantially parallel to an axis normal 
to the z axis; 
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and wherein said controller determines a tilt of said reflective surface at a 
location ka along the longitudinally extending direction of said reflective surface 
according to the following formula: 

A(ka) = cD((k+1)a)-0(ka) 

where: 

A(ka) is a measure of a displacement of said reflective surface out of said 
plane substantially parallel with the z axis, at location ka; 

cp(ka) is a measure of tilt of said reflective surface measured by said 
second and fourth laser beams; [[and]] 

0((k+1)a) is a measure of tilt of said reflective surface measured by said 
first and third laser beams; 

6(x) is a measure of tilt of the support; 

s(x) is a measure of displacement, out of the plane substantially parallel 
with the z axis, of the reflective surface when z = 0: 

t(x) is a measure of displacement, out of the plane substantially parallel 
with the z axis, of the reflective surface when z = -b; 

5(x) is a measure of displacement of the support along the axis normal to 

the z axis: 

a measurement value for the second laser beam when the reflective 
surface is at a position v = ka is determined by L2(ka) = s(ka) + 5(ka) - (a/2)6(ka); 

a measurement value for the fourth laser beam when the reflective surface 
is at a position y = ka is determined by L4(ka) = t(ka) + 5(ka) + (a/2)6(ka): 
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a measurement value for the first laser beam when the reflective surface 
is at a position v = ka is determined by LKka) = s(ka+a) + 6(ka) - (a/2)9(ka): 

a measurement value for the third laser beam when the reflective surface 
is at a position y = ka is determined bv L3(ka) = t(ka+a) + 6(ka) + (a/2)6(ka): 

A(ka) = J2(ka)-J1(ka)= 0((k+1)a)-O(ka). where JKka) i (L4(ka)-L2(ka)Vb 
= (t(kaVs(ka)Vb+9(ka) = cD(ka)+e(ka), and J2(ka) = (L3(ka)-L1(ka)Vb = W(k+1)a)- 
s((k+1)a)Vb+9(ka) = 0((k+1)a)+e(ka): 

the reflective surface can be moved to a position v = ka + a along the axis 
normal to the z axis along which the reflective surface extends longitudinally; 

a measurement value for the second laser beam when the reflective 
surface is at a position v = ka + a is determined by L2(ka+a) = s(ka+a) + 5(ka+a) - 
(a/2)9(ka+a): 

a measurement value for the fourth laser beam when the reflective surface 
is at a position y = ka + a is determined by L4(ka+a) = t(ka+a) + 5(ka+a) + (a/2)9(ka+a): 

a measurement value for the first laser beam when the reflective surface 
is at a position v = ka + a is determined by L1(ka+a) = s(ka+a+a) + 5(ka+a) - 



(a/2)9(ka+a): 

a measurement value for the third laser beam when the reflective surface 
is at a position v = ka + a is determined by L3(ka+a) = t(ka+a+a) + 5(ka+a) + 
(a/2)9(ka+a): 

A((k+1)a) = J2((k+1)a)-J1((k+1)a) = cD((k+2)a)-0((k+1)a). where 
J1((k+1)a) = (L4((k+1)a)-L2((k+1)a)Vb = (t((k+1)a)-sak+1)a)Vb+9((k+1)a) = 
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0((k+1)aH9ak+1)a). and J2((k+1)a) = (L3((k+1)a)-L1((k+1)a)Vb = 
(t((k+2)a)-s((k+2)a))/b+e((k+1)a) = 0((k+2)a)+ e((k+1)a): 

the reflective surface can be incrementally moved to additional positions in 
multiples of a along the axis normal to the z axis along which the reflective surface 
extends longitudinally and additional measurement values for the laser beams can be 
determined to arrive at a set of measurement values (A((k-1)a) = <P(ka) - 0((k-1)a): 
A((k-2)a) = 0((k-1)a) - cp((k-2)a): ... : A(0) = 0(a) - 0(0)): and 

the controller determines a summation of the set of measurement values 

k-\ 

as_]^A(wa)= 0(^3)- 0(0) and a tilt of the reflective surface at a location ka along the 

k-\ 

longitudinally extending direction of the reflective surface as 0 (kd) = 0(0)+ X^C'^^)! 

the system further comprising at least one motor operatively mounted to said 
support to move said support and said reflective surface in directions along which said 
reflective surface longitudinally extends, wherein said motor incrementally moves said 
reflective surface to measure displacement of said reflective surface out of said plane 
substantially parallel with the z axis at each incremental location . 

Claims 13-15 (Canceled). 
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16. (Currently Amended) The interferometric measurement system of claim 
[[14]] 12, wherein said reflective surface comprises a first reflective surface; said 
interferometric measurement system further comprising: 
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a second interferometer system having fifth, sixth, seventh and eighth laser beam 
generators, each capable of generating a laser beam to measure a distance between 
said fifth, sixth, seventh or eighth generator, respectively, and a second reflective 
surface of a second reflective object mounted to the support, said reflective surface 
comprising a second reflective surface; 

wherein said controller receives inputs from said second interferometer system 
and determines a tilt of the second reflective surface with respect to the z axis, wherein 
the second reflective object is mounted to the support so that said second reflective 
surface is in a second plane substantially parallel with the z axis and longitudinally 
extends substantially parallel to an axis normal to the z axis and normal to the axis 
which said first reflective surface extends substantially parallel to; 

and wherein said controller determines a tilt of said second reflective surface at a 
location ka along the longitudinally extending direction of said second reflective surface 
according to the following formula: 

A(ka) = a>((k+1)a)-<P(ka) 

where: 

A(ka) is a measure of a displacement of said second reflective surface out 
of said second plane substantially parallel with the z axis, at location ka; 

0(ka) is a measure of tilt of said second reflective surface measured by 
said sixth and eighth laser beams; [[and]] 

0((k+1)a) is a measure of tilt of said second reflective surface measured 
by said fifth and seventh laser beams; 

9(v) is a measure of tilt of the support: 
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s(v) is a measure of displacement, out of the plane substantially parallel 
with the z axis, of the second reflective surface when z = 0: 

t(v) is a measure of displacement, out of the plane substantially parallel 
with the z axis, of the second reflective surface when z = -b: 

6(y) is a measure of displacement of the support along the axis normal to 

the z axis: 

a measurement value for the sixth laser beam when the second reflective 
surface is at a position x = ka is determined by L6(ka) = s(ka) + 6(ka) - (a/2)9(ka); 

a measurement value for the eighth laser beam when the second 
reflective surface is at a position x = ka is determined by L8(ka) = t(ka) + 6(ka) + 
(a/2)e(ka): 

a measurement value for the fifth laser beam when the second reflective 
surface is at a position x = ka is determined by L5(ka) = s(ka+a) + 5(ka) - (a/2)9(ka): 

a measurement value for the seventh laser beam when the second 
reflective surface is at a position x = ka is determined by L7(ka) = t(ka+a) + 6(ka) + 
(a/2)e(ka); 

A(ka) = J2(ka)-J1(ka) = 0((k+1)a)-a>(ka), where JKka) = (L8(ka)-L6fka)Vb 
= (t(ka)-$(ka)Vb+e(ka) = 0(ka)+9(ka). and J2(ka) = (L7(ka)-L5(ka)Vb = 
(t((k+1)a)-s((k+1)a))/b+9(ka) = 0((k+1)a)+9(ka): 

the second reflective surface can be moved to a position y = ka + a along 
the axis normal to the z axis along which the second reflective surface extends 
longitudinally: 
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a measurement value for the sixth sensor when the second reflective 
surface is at a position x = ka + a is determined bv L6(ka+a) = s(ka+a) + 6(ka+a) - 
(a/2)e(ka+a); 

a measurement value for the eighth sensor when the second reflective 
surface is at a position x = ka + a is determined bv L8(ka+a) = t(ka+a) + 6(ka+a) + 
(a/2)e(ka+a): 

a measurement value for the fifth sensor when the second reflective 
surface is at a position x = ka + a is determined bv L5(ka+a) = s(ka+a+a) + 6(ka+a) - 
(a/2)9(ka+a): 

a measurement value for the seventh sensor when the second reflective 
surface is at a position x = ka + a is determined by L7(ka+a) = t(ka+a+a) + 6fka+a) + 
(a/2)e(ka+a): 

A((k+1)a) = J2((k+1)a)-J1((k+1)a) = ct)((k+2)a)-ct>((k+1)a). where 
J1((k+1)a) = (L8((k+1)aR6((k+1)aWb = (tak+1)a)-s((k+1)a)Vb+e((k+1)a) = 
0((k+1)aH9((k+1)a), and J2((k+1)a) = (L7((k+1)a)-L5((k+1)a))/b = 
(t((k+2)a)-s((k+2)a))/b+e((k+1)a) = 0((k+2)a)+9((k+1)a): 

the second reflective surface can be incrementally moved to additional 
positions in multiples of a along the axis normal to the z axis along which the second 
reflective surface extends longitudinally and additional measurement values for the 
sensors can be determined to arrive at a set of measurement values {A((k-1)a) = 0(ka) 
- cp((k-1)a): Mk-2)a) = 0((k-1)a) ■ a> ((k-2)a); ... : A(0) = (t>(a) - <t>m: and 



-13- 



FINNECAN 
HENDERSON 
FARABOW 
GARRETT & 
DUNNERLLf 

1300 1 Street, NW 
Washington, DC 20005 
202.408.4000 
Fax 202.408.4400 
www.finnegan.com 



U.S. Application No.: 09/934,081 
Inventor: Fuyuhiko I NODE 
Attorney Docket No.: 07303.0063-01000 



the controller determines a summation of the set of measurement values 
as ^Mma)= ^(ka)-<t>(0) and a tilt of the second reflective surface at a location ka 



k-\ 



along the longitudinally extending direction of the second reflective surface as 

k-\ 

(D(te)= 0(0)+ X^M- 



w=0 



Claims 17-19 (Canceled). 



20. (Currently Amended) A method of measuring the tilt of a substantially planar 
surface with respect to a vertical axis, comprising: 

providing a measurement system having the capability of measuring distances 
between first, second, third and fourth adjacent pairs of locations on the substantially 
planar surface and respective first, second, third and fourth adjacent pairs of locations 
on the measurement system, where the distances measured are along imaginary lines 
substantially perpendicular to the substantially planar surface; 

positioning the substantially planar surfac e s surface such that the measurement 
system is near an end of the substantially planar surface; 

measuring distances between the pairs of first, second, third and fourth locations; 

subtracting the distance between the second locations from the distance 
between the fourth locations and dividing the difference by a distance between the 
second and fourth locations on the substantially planar surface to give a term J1; 
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subtracting the distance between the first locations from the distance between 
the third locations and dividing the difference by the distance between the first and third 
locations on the substantially planar surface to give a term J2; and 

determining a tilt of the substantially planar surface at the location of the 
substantially planar surface according to the following formula: 
A(ka) = J2(ka) - J1(ka) = 0((k+ 1)a)-0(ka) 

where: 

A(ka) is a measure of a displacement out of the substantially planar 

surface; 

<t>(ka) is a measure of tilt of the substantially planar surface with respect to 
the vertical axis measured between the second and fourth locations; 

<t>((k+1)a) is a measure of tilt of the substantially planar surface with 
respect to the vertical axis measured between the first and third locations; and 

a is a distance between the first and second locations on the substantially 
planar surface; 

the method further comprising: 

incrementally moving the substantially planar surface in a direction parallel to an 
axis normal to the vertical axis and away from the end of the surface by the distance a; 

measuring distances between the first, second, third and fourth locations on the 
measurement system and the respective four new locations on the substantially planar 
surface; 
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subtracting the distance between the second locations from the distance 
between the fourth locations and dividing the difference by a distance between the 
second and fourth locations on the substantially planar surface to give a term J1 : 

subtracting the distance between the first locations from the distance between 
the third locations and dividing the difference by the distance between the first and third 
locations on the substantially planar surface to give a term J2: and 

determining a tilt of the substantially planar surface at the new location 
incrementally removed from a previously measured location according to the following 
formula: 

A(ka+a) = J2(ka+a) - J1(ka+a) = 0((k+2)a)-0((k+1)a) 

where: 

A(ka+a) is a measure of a displacement out of the substantially planar 

surface: 

<t>((k+1)a) is a measure of tilt of the substantially planar surface with 
respect to the vertical axis measured between the second and fourth locations on the 
measurement system and the new locations on the substantially planar surface: and 

0((k+2)a) is a measure of tilt of the substantially planar surface with 
respect to the vertical axis measured between the first and third locations on the 
measurement system and the new locations on the substantially planar surface: 
the method further comprising: 

incrementally repeating the method until an opposite end of the substantially 
planar surface is reached and no further incremental measurements can be taken, or 
until a predetermined length of the substantially planar surface has been measured: and 
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determining a tilt of the substantially planar surface with respect to the vertical 
axis for any predetermined position ka according to the following formula: 

k~l 

O(fez)=(D(0)+XA('"^) 
where: 

<t>(ka) is a measure of tilt of the substantially planar surface with respect to 
the vertical axis at position ka: 

<P(0) is a measure of tilt of said second reflective surface at an initial 
measurement location near one end of said second reflective surface: and 

A(ma) is a measure of displacement out of said substantially planar 
surface, at locations where in = 0, 1. 2. ... k-1 . 

Claims 21-25 (Canceled). 
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